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RADIOLOGY 
Hematopoietic Colony Forming Cells of Spleen 1 
Y. MARUYAMA* and J. G. EicHTEN** 
ABSTRACT - It was found that isalogous spleen calls injected into heavily irradiated rec1p1ents 
produced splee!l nodules. The number of nodules or colony-farming-units (CFU) varied with cell 
dose, and were presumably clonal descendants of a single progenitor cell. The properties of 
the spleen and bone marrow CFU were compared and -it was found that although present in 
greatly differing concentration, the radiation response and morphological features were similar. 
Application of large doses of whole body irradiation 
leads to the dea th of the irradiated animal by several 
well-described syndromes. One of these is the failure of 
hematopoietic tissues and is characterized by leukopenia, 
thrombocytopenia with eventual anemia, bleeding and 
immunological deficits permitting infection, and leading 
ultimately to the death of the organism. Jacobson, et al. 
found that spleen shielding, homogenates, grafts, or cells 
from bone marrow (see Bacq & Alexander, I 961) pro-
tected the animal from the lethal effects of irradiation. 
These tissues contain hematopoietic stem cells which, 
when transplanted, are capable of repopulating and re-
storing the integrity of irradiated hematopoictic tissues. 
Till and McC ulloch ( 196 l) found that hematopoietic 
tissues contain a small proportion of cells capable of 
forming nodules ( colony-forming units or CFU) in the 
spleens of heavily-irradiated isogenic recipients. 
Because these nodules are clones derived from single 
cells ( Becker, et al., 1963) and are capable of differen-
tiation into erythropoietic, granulocytopoietic, and throm-
bocytopoietic cell lines, the colony-forming cell has been 
postulated to be the hematopoietic stem cell. This report 
compares the radio-sensitivity of bone marrow and spleen 
colony-forming cells of C3H (Z) mice to x-rays. 
Materials and Methods 
MICE. Male and female mice of inbred C3H(Z) 
strains were used in these experiments and were between 
2 and 4 months of age at the time. All donors and re-
cipients were from the same inbred colony. 
PREPARATION OF CELL SUSPENSIONS. Bone 
marrow cells from several matched donor animals were 
coUected by flushing the femoral or tibial shafts with ice-
cold Hank's balanced salt solution. Spleen cells were 
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prepared from matched donors which had been heparin-
ized with 100 U.S.P. units intraperitoneally. Spleens 
were excised, trimmed of adventitia, minced into small 
pieces, and gently passed either through a 40 mesh stain-
less steel wire cloth or gently through a chilled tissue 
grinder. Single cell suspensions were obtained by pass-
ing the crude suspension through small gauge needles. 
Nucleated cell density was determined by direct count 
using phase-contrast microscopy and a standard hemacy-
tometer ( l % acetic acid used to lyse erythrocytes). 
Requisite cell numbers were prepared by dilution using 
Hank's solution supplemented with 5 % fetal bov,ine 
serum. 
RADIATION TECHNIQUE. Recipients of hemato-
poietic cells were x-irradiated using an x-ray machine 
operated at 220 kVp and 15 Ma with filtration yielding 
a beam of half value layer (HVL) 0.9 mm. copper. The 
dose rate was 66 rads/ min. Whole body closes of 900 
to 950 rads were delivered shortly before transplantation 
of cells. 
Cells were irradiated with an x-ray beam whose char-
acteristics were 220 kVp, 15 Ma. HVL 0.9 mm. Cu, 
FSD 60 cm FSD and a dose rate of 68 rads/ min. The 
dose rates were determined using an N .B.S. calibrated 
Victoreen R-meter, and the absorbed dose measured di-
rectly using LiF powder in capsules ( Cameron et al.)." 
With each experiment, common stocks of cells were used 
from which aliquots were drawn for different radiation 
doses . An identically treated, unirradiated sample was 
used for the control. Cell suspensions were equilibrated 
with air or I 00% oxygen gas before irradiation and in 
some experiments were agitated during the irradiation to 
keep cells in suspension. 
ASSAY FOR COLONY-FORMING CELLS. Cells 
were injected intravenously into the tail vein of pre-
warmed recipients which had been irradiated with 900-
950 rads shortly before. Surviving animals were sacri-
ficed 8-10 days after cell injection , their spleens excised, 
placed in Bouin's fixative and spleen nodules visible by 
eye, counted after fixation . 
Results 
The relationship of spleen colony-forming units as a 
function of cell number injected is shown in Fig. l. Spleen 
2 Radiation dosimetry was carried out by V. C . Moore, Radio-
logical Physicist, University of Minnesota Hospitals, and by 
A Feldman, Radiological Physicist, Mayo Clinic. 
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TABLE I. Relative density of colony-forming units in bone mar-




t Standard error of mean. 




CFU behave similar to bone marrow CFU and the num-
ber of nodules increase linearly with nucleated cell dose 
(Till and McCulloch, 1961). In another experiment, 
CFU density was compared for bone marrow or spleen 
cells obtained from the same animal (Table I). They 
were respectively, for bone marrow, 31.6 -+- 1.6, 3 and 
for spleen, 7.1 ± 2.0 per 10° nucleated cells (P<.001), 
indicating significant differences in number of CFU for 
a given total nucleated cell number. 
X-ray dose-response curves are shown in Fig. II and 
III where the log of surviving colony forming units are 
shown as a function of x-ray dose for bone marrow and 
spleen CFU. The survival curve 4 for bone marrow CFU 
may be fitted by a sigmoid curve with a Do of 95 -+- 12 
rad and an extrapolation number of 1.1 (Fig. II). Un-
der identical irradiation conditions the survival curve for 
spleen CFU exhibits a near expotential course with a D0 of 
91 -+- 10 (95% confidence limits) rad and an extrapola-
tion number of 0.9. On the basis of these experiments with 
this quality of radiation, it was not possible to distinguish 
completely the average CFU of these two origins on the 
basis of radiation response. Nor was it possible to dis-
tinguish the spleen colonies of these two origins on the 
basis of morphological features. 
Discussion 
The discovery of the property of colony-forming-
capacity of certain cells constituting hematopoietic tis-
sue has been useful in elucidating many of the character-
istics of these cells. For example, the fractional reduc-
tion in colony-forming units with radiation doses has 
been useful in furthering understanding of the whole-
body radiation syndrome (Till and McCulloch, 1961). 
Relative sensitivity to different forms of radiation may 
be explained on the basis of the relative biological effec-
tiveness (R.B.E.) to different ionizing radiation beams 
(Schneider and Whitmore, 1963, Silini, Maruyama and 
Pozzi, 1965). The effect of drugs administered in vivo 
to the donors may be studied for its effect on subsequent 
radiation sensitivity (Silini and Maruyama, 1965). In 
addition, it is possible to measure the progressive altera-
tions of the CFU as it differentiates from a primitive 
cell to one of more mature functional characteristics. For 
example, Schooley (1966) has studied the effect of 
erythropoietin in polycythemic animals on erythroid dif-
ferentiation traced by Fe09 • Transfusions of bone marrow 
"Standard error of the mean. 
• The loss of colony-forming ability declines as a function of 
dose according to the relationship S 2ee ne - 0 10 Do; where S = sur-
viving fraction, n = extrapolation number or zero dose intercept 
with ordinate axis, and D,, = dose to reduce survivors to 0.37 on 
exponential curve. 
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FIGURE I. Relationship of nucleated cell dose to number of 
spleen nodules (colonies) formed. Single experiment showing 
mean and standard error of the mean. 
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FIGURE II. X-ray survival curve for normal mouse bone mar-
row cells. Different experiments are shown by separate symbols. 
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FIGURE III. X-ray survival curve for normal mouse spleen 
cells. Different experiments are shown by separate symbols. 
Mean and standard error of the mean shown. 
cells into congenitally anemic mice has been found to 
correct the anemia and also to lead to the formation of 
spleen colonies even without prior recipient irradiation 
(McCulloch, et al., 1964). 
As many features of hematopoietic functions can be 
correlated with the CFU, it has been postulated that the 
totipotent progenitor cell corresponds to the hemato-
poietic stem cell, and that those cells possess the capacity 
to form spleen nodules in heavily irradiated recipients. 
It is attractive to postulate that all features comprising 
the syndrome of "bone marrow" failure and reconstitu-
tion may be explained by a single class of progenitor 
cells of uniform properties, with the capacity of prolifer-
ating and repopulating the entire hematopoietic system. 
However, Siminovitch, et al. ( 1965) have shown that 
the properties of this class of cells are not uniform as 
measured by radiosensitivity. The results described here 
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show minor differences for the radiation inactivation of 
colony-forming cells to ionizing beams of 220 kVp x-rays 
in vitro. However, those responses do not easHy distin-
guish cells of bone marrow or spleen origin (above dif-
ferences were not significant at the 5% level). The dif-
ferences might be ascribed to the different radiation 
beams used (220 kVp x-rays as opposed to Cobalt 60 
gamma rays used by McCulloch and Till, 1962), or to 
the fact that their experiments were done in vivo. The 
differences observed could well be due to variations in 
physiological states of the cells residing in the different 
sites. Terasima and Tolmach ( 1963) have in fact shown 
marked differences in radiation response of Hela cells 
depending on the phase of the ceH cycle. Further inves-
tigations are necessary to completely clarify these ques-
tions. It is nonetheless clear that the study of the colony-
forming unit provides a powerful tool for the quantita-
tive study of cell biology and hematopoietic function 
in vivo. 
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